Abstract. Interstitial lung disease (ILD) is a severe adverse effect of gefitinib treatment. Re-administration of gefitinib to patients suspected of suffering from gefitinib-induced ILD requires cautious consideration. In the majority of cases, gefitinib is not re-administered to such patients. The present study reports a case of advanced lung adenocarcinoma, where the patient developed gefitinib-induced ILD and gefitinib was re-administered at 3.5 months after discontinuation of gefitinib treatment. Initially, the patient achieved partial clinical remission, but developed diffuse ILD following gefitinib administration for 5 months. Following the onset of ILD, gefitinib was discontinued immediately and low-dose corticosteroids were administered at the early stages of ILD. Subsequent to recovery from the lung injury, gefitinib was re-administered along with N-acetylcysteine. The patient presented with good lung adenocarcinoma control and did not experience a recurrence of ILD for >16 months. Thus, early discontinuation and gefitinib re-administration with N-acetylcysteine may be a potential novel treatment strategy for gefitinib-induced ILD.
Introduction
Gefitinib, an inhibitor of epidermal growth factor receptor (EGFR) tyrosine kinase, is an effective and well-tolerated drug used for the treatment of advanced non-small cell lung cancer (NSCLC) (1, 2) . However, gefitinib treatment may result in a number of severe adverse effects, including the development of interstitial lung disease (ILD) (3) (4) (5) (6) (7) . Although certain studies have been conducted on the safety of re-administering gefitinib to patients who were suspected of suffering from gefitinib-induced ILD, no precise management strategy has been established for such cases (8) (9) (10) (11) . The present study reports the case of a patient with lung adenocarcinoma, initially responding to gefitinib treatment. However, the patient developed gefitinib-induced ILD, which was treated with low-dose corticosteroids at the early stages of ILD, and then gefitinib was re-administered along with N-acetylcysteine.
Case report
A 64 year-old female nonsmoker was diagnosed with lung adenocarcinoma (T 4 N 2 M 1b ) with multiple pulmonary and bone metastases in August 2011 at the Beijing Chao-Yang Hospital (Beijing, China). The patient received four cycles of chemotherapy with gemcitabine (1400 mg, d1; 1600 mg, d8) plus cisplatin (40 mg, d2-d3; 30 mg, d4) as the first-line therapy (21 day cycles, 4 cycles). A brain MRI scan in November 2011 revealed multiple metastases in the patient, indicating disease progression.
In February 2012, after 2 months of whole-brain radiotherapy (dosage, 40Gy/20F) yielding a partial response, gefitinib was administered at a dose of 250 mg/day as the second-line therapy. However, an EGFR mutation test was not performed as not enough lung cancer tissue was obtained. After 5 months (July 4, 2012), the tumor exhibited partial response; however, a high-resolution computerized tomography (HRCT) scan revealed the presence of diffuse ground glass opacities (GGOs) in the lungs (Fig. 1 ). Since no respiratory symptoms or evidence of infections or collagen vascular diseases were observed, the patient was diagnosed with gefitinib-induced ILD. Gefitinib administration was immediately discontinued, and prednisone was administered orally at a lower dose of 20 mg/day, which was reduced by 5 mg/week. After a further 2 weeks later (July 20, 2012), an HRCT scan revealed that the size of the GGOs reduced. After an additional 3.5 months (October 30, 2012), the GGOs disappeared; however, the primary cancer remained unchanged (Fig. 2) . Since the patient refused further chemotherapy and a marked antitumor response to the gefitinib treatment was previously observed, gefitinib was re-administered at the same dose as before, along with N-acetylcysteine (dosage, 600 mg PO tid for ~11 months). The patient Gefitinib-induced ILD has been reported to occur in ~4.0% of patients treated with gefitinib in a study on the Japanese population (12) . To date, no precise management strategy exists for gefitinib-induced ILD. Immediate withdrawal of gefitinib, administration of corticosteroids and oxygen therapy are currently recommended (13) . Previous reported cases of gefitinib-induced ILD have typically been treated with a high-dose of corticosteroids (intravenous injection of 1 g/day methylprednisolone for three consecutive days, followed by 50 or 60 mg/day oral prednisone, which is reduced by 10 mg/week) or with the cessation of gefitinib administration, which result in ILD recovery or mortality (9, 11) . Intravenous cyclophosphamide has also been reported as a valid treatment (10) . In the present study, gefitinib was discontinued immediately following the onset of ILD, and a low-dose of corticosteroids were administered at an early stage.
Takamochi et al (9) reported the re-administration of gefitinib in a patient who developed gefitinib-induced ILD. A chest CT scan revealed a significant response following gefitinib re-administration at a 50% dose (125 mg/day) for a month. However, Suzuki et al (8) reported a case of recurrent gefitinib-induced ILD following re-administration of gefitinib at a dose of 250 mg/day in a patient with severe ILD.
In the present study, the initial gefitinib treatment was associated with a remarkable antitumor response, and no evidence of other adverse events induced by gefitinib was detected, with the exception of ILD. Thus, gefitinib was re-administered along with N-acetylcysteine and the patient was under close observation. N-acetylcysteine is a thiol-containing compound that contains sulfhydryl groups, which function as a glutathione precursor or as reduced glutathione, serving as direct scavengers of reactive oxygen species (14) . N-acetylcysteine is commonly used to treat patients with idiopathic pulmonary fibrosis (15) (16) (17) . The patient of the present study exhibited an encouraging response to gefitinib treatment and achieved long PFS and OS periods. The clinical benefits observed in the present case suggest that the management of gefitinib-induced ILD requires further investigation. Early discontinuation and gefitinib re-administration along with N-acetylcysteine may be a potential new treatment strategy for patients suffering from lung tumors and gefitinib-induced ILD.
